The new generalized ( ) ′ G G -expansion method is one of the powerful and competent methods that appear in recent time for establishing exact solutions to nonlinear evolution equations (NLEEs). We apply the new generalized ( ) ′ G G -expansion method to solve exact solutions of the new coupled Konno-Oono equation and construct exact solutions expressed in terms of hyperbolic functions, trigonometric functions, and rational functions with arbitrary parameters. The significance of obtained solutions gives credence to the explanation and understanding of related physical phenomena. As a newly developed mathematical tool, this method efficiency for finding exact solutions has been demonstrated through showing its straightforward nature and establishing its ability to handle nonlinearities prototyped by the NLEEs whether in applied mathematics, physics, or engineering contexts.
Introduction
Various physical, mechanical, chemical, biological, engineering and some economic laws and relations appear * Corresponding author. mathematically in the form of differential equations which are linear or nonlinear, homogeneous or inhomogeneous. Almost all differential equations relating physical phenomena are nonlinear. Methods of solutions of linear differential equations are reasonably easy and well avowed. In contrast, the techniques of solutions of nonlinear differential equations are less obtainable and in general, approximations are generally used. Nonlinearity is a fascinating element of nature, today; many scientists observe nonlinear science as the most important frontier for the fundamental understanding of nature. The analytical solutions of such equations are of fundamental importance to reveal the inner structure of the phenomena. The world around us is inherently nonlinear. For instance, nonlinear evolution equations (NEEs) are widely used as models to describe complex physical phenomena in various fields of sciences, especially in fluid mechanics, solid-state physics, plasma physics, plasma waves and biology, etc. One of the basic physical problems for those models is to obtain their travelling wave solutions. In particular, various methods have been utilized to explore different kinds of solutions of physical models described by nonlinear partial differential equations (NPDEs). In the numerical methods, stability and convergence should be considered so as to avoid divergent or inappropriate results. However, in recent years, a variety of effective analytical and semi-analytical methods have been developed to be used for solving NLEEs, such as the inverse scattering transform method [1] , the ( ) [2] [3], the modified simple equation method [4] [5] , the Sumudu transform method [6] - [8] , the homogeneous balance method [9] [10], the Darboux transformation method [11] , the Backlund transformation method [12] , the complex hyperbolic function method [13] [14], the ( ) [26] , the collocation method [27] [28], the similarity reductions method [29] [30], the homotopy analysis method [31] [32], the spectral-homotopy analysis method [33] - [35] Our aim in this paper is to present an application of the new generalized ( ) G G ′ -expansion method to the new coupled Konno-Oono equation to be solved by this method for the first time.
The rest of the paper is organized as follows: In Section 2, we give the description of the new generalized
In Section 3, we apply this method to the new coupled Konno-Oono equation with discussion and Graphical representations of the solutions. Conclusions are given at last.
Description of the Method
Let us consider a general nonlinear PDE in the form ( ) , , , , , , 0
where
is an unknown function, P is a polynomial in ( ) , u x t and its derivatives in which highest order derivatives and nonlinear terms are involved and the subscripts stand for the partial derivatives.
Step 1: We combine the real variables x and t by a complex variable η ( ) ( )
where V is the speed of the traveling wave. The traveling wave transformation (2) converts Equation (1) into an ordinary differential equation (ODE) for
where Q is a polynomial of u and its derivatives and the superscripts indicate the ordinary derivatives with respect to η .
Step 2: According to possibility Equation (3) can be integrated term by term one or more times, yields constant(s) of integration. The integral constant may be zero, for simplicity.
Step 3: Suppose the traveling wave solution of Equation (3) can be expressed as follows: 
where the prime stands for derivative with respect to η ; A, B, C and E are real parameters.
Step 4: To determine the positive integer N, taking the homogeneous balance between the highest order nonlinear terms and the derivatives of the highest order appearing in Equation (3).
Step 5: Substitute Equation (4) and Equation (6) including Equation (5) into Equation (3) with the value of N obtained in
Step 4, we obtain polynomials in ( )
 . Then, we collect each coefficient of the resulted polynomials to zero, yields a set of algebraic equations for i α ( )
Step 6: Suppose that the value of the constants i α ( )
and V can be found by solving the algebraic equations obtained in Step 5. Since the general solution of Equation (6) is well known to us, inserting the values of i α ( )
and V into Equation (4), we obtain more general type and new exact traveling wave solutions of the nonlinear partial differential Equation (1) .
Using the general solution of Equation (6), we have the following solutions of Equation (5):
Family 3: When
Family 4: When sin cos cos sin
The New Coupled Konno-Oono Equation
The new coupled Konno-Oono equation: In this section, we will put forth the new generalized ( ) 
Now let us suppose that the traveling wave transformation equation be
The Equation (13) reduces Equation (12) into the following ODEs
By integrating (15) with respect to η , we obtain ( )
where P is a constant of integration. Substituting Equation (16) into Equation (14), we get 
Taking the homogeneous balance between highest order nonlinear term 3 u and linear term of the highest order u′′ in Equation (17), we obtain 1 N = . Therefore, the solution of Equation (17) is of the form:
where 0 1 1 , , α α β and d are constants to be determined.
Substituting Equation (18) together with Equations (5) and (6) into Equation (17), the left-hand side is converted into polynomials in ( )
We collect each coefficient of these resulted polynomials to zero yields a set of simultaneous algebraic equations (for simplicity, the equations are not presented) for 0 α , 1 α , 1 β , d, P and V. Solving these algebraic equations with the help of computer algebra, we obtain following:
C, E are free parameters. Substituting Equation (19) into Equation (18), along with Equation (7) and simplifying, our traveling wave solutions become, if 1 
Substituting Equation (19) into Equation (18), along with Equation (8) and simplifying yields exact solutions, if
Substituting Equation (19) into Equation (18), along with Equation (9) and simplifying, our obtained solution becomes:
Substituting Equation (19) into Equation (18), together with Equation (10) and simplifying, yields following traveling wave solutions, if 1 
Substituting Equation (19) into Equation (18), along with Equation (11) and simplifying, our exact solutions become, if 1 
Graphical Representations of the Solutions
The graphical illustrations of the solutions are depicted in the Figures 1-6 with the aid of commercial software Maple. u η when 1 v η when 1 v η when 1 
Conclusion
The new generalized ( ) G G ′ -expansion method presented in this paper has been successfully implemented to construct many new and more general exact solutions of the new coupled Konno-Oono equation. The method offers solutions with free parameters that might be important to explain some complex physical phenomena.
Comparing the currently proposed method with other methods, such as ( ) G G ′ -expansion method, the Expfunction method and the modified simple equation method, we might conclude that the exact solutions to Equation (12) can be investigated using these methods with the help of the symbolic computation software such as Matlab, Mathematica and Maple to facilitate the complicated algebraic computations. This study shows that the new generalized ( ) G G ′ -expansion method is quite efficient and practically well suited to be used in finding exact solutions of NLEEs. Also, we observe that the new generalized ( ) 
